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REMOTE SENSING AS A TOOL IN ASSESSING THE IMPACT OF
TOPOGRAPHICAL ALTERATIONS ON THE MICROCLIMATE
R. A. Sutherland and J. F. Bartholic
Institute of Food and Agricultural Sciences
University of Florida
Gainesville, Florida 32611

Abstract
Results and analyses of remotely sensed data taken from a NASA
aircraft are reported.
The study uses continuous data taken in
the 8-14ym region of the infrared spectrum which is directly
related to surface temperature. The analysis is concentrated on
the micrometeorological effects of lakes and hills during near
freezing conditions.
The impetus for the study is an economic one
since proper selection of a site for certain freeze susceptible
crops, such as citrus, can result in huge savings of energy and
resources.
1.

INTRODUCTION

film with density proportional to the
remotely sensed surface temperature,

Altering the earth's surface by making
reservoirs, draining lakes or extracting

giving in essence a "thermal image" of the

minerals can have a measurable effect on

overflown terrain.

the microclimate of an area and force

The moderating effect of a lake on the lee

changes in the external energy needs of

ward land has been known for decades.

communities.
This is especially
important in agricultural areas where

This occurs because cold air moving across

large amounts of energy can be expended

water and deposits it on the land to the

to protect crops from freeze.

leeward side.

the lake receives energy (heat) from the

Until

The lake owing to its large

recently, experimental verification of the

specific heat acts as a very large

impact has been difficult to assess because

heat reservoir.

an overview of an entire area is nearly

on freeze nights is the effect of relative

impossible with point sampling.

elevation.

With re

Another factor important

During conditions of calm the

mote sensing, however, it is now possible

more buoyant warm air rises out of valleys

and practical to fly over an area and

and is replaced by cold air which tends to

obtain continuous surface temperatures

"drain" in from the hilltops.

over a large area.

in a stable situation (inversion) in the

With modern techniques

the data can be processed to produce a

This results

valleys and the cold air remains trapped.
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During windy conditions, however, the

for the other missions.

For the triangle

increased turbulence mixes the air and the

missions the aircraft altitude was 2 km

"cold pockets" tend not to be formed.

and for the other missions, 1.5 km.

Our

major objectives of this paper are to
demonstrate and quantify the degree and
extent of these two micrometeorological
effects of lakes and hills.

The econom

ical significance of the study becomes
apparent from the fact that citrus growers
often fire heaters or run "wind machines"
for protection from freeze.

Fuel require

ments for one night in Lake and Orange
counties (Florida), where the study has
been concentrated, are estimated to be
over 3,000,000 gallons of diesel fuel and
over 30,000 gallons of gasoline costing
in excess of $1,000,000 per night.1

This

would be extrapolated to $5,000,000 for
the entire Florida Citrus Industry for a
single night.
2.

EXPERIMENTAL

Lake Apopka, shown in Figure 1, is a large

FIGURE 1. MAP SHOWING FLIGHTLINES FOR
LAKE STUDIES AND TRIANGLE FLIGHT.

but shallow lake, with an average depth of
about 2 m. and the temperature moderating

The data from the scanner (which senses

effect during freeze nights in the area to

in the 8-14ym range) aboard the aircraft

the south of the lake has been known for

is stored on magnetic tape.

several decades and was a major reason for

This tape is

then processed at the Kennedy Space Center

choosing this area for the studies.

into color film with each color repre
Generally either three or four overlapping

senting a particular temperature range.

flightlines each roughly 20 km long, were

This results in a rather spectacular

run during each experiment giving total

"thermal image" or "temperature picture"

coverage of the 160 km2 area outlined in

of the overflown terrain which, unfor

the inset of Figure 1.

About one hour was

tunately, could not be economically

required to fly the 3 or 4 flightlines.

reproduced in this publication.

To date, 6 complete missions have been

The eastern portion of the flightlines is

conducted in this area, 3 in February,

reasonably flat and the elevation gener

1974 and 3 in January, 1976, which were

ally increases to the west where the

both freeze nights characterized by mod

terrain is much hillier with elevations

erate winds from the north and very clear,
dry skies.

varying from 25 to 75 m.

Also in January, 1975 two more

missions were flown along the triangular
path encompassing Lake Apopka.

The entire area

is dotted by a number of lakes but other
wise is densely planted in citrus.

This night

was also characterized by clear, dry skies

It is important to note that the western

but the wind speeds were much lower than

flightline (Leesburg to Haines City) of
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the triangle flight contains the Florida

that the error variation from grove to

ridge and is the hilliest and highest

grove is less than about 1°C except for

part of the state.

extremely bare fields.2

The flightline is

Also errors

densely planted in citrus along both

caused by variation in emissivity are
diminished by the grid reduction method

sides.

since the area when viewed on a large

roughly along U.S. Highway 27 which is

3.
3.1

scale is essentially homogenous.

ANALYSIS

Since the leeward effect of the lake was

LAKE EFFECT

to be studied those columns not immediately
General features of the lake effect are

south of the lake were eliminated from

shown in Figure 2 which was produced by

this particular analysis. Also data

first constructing a mosaic from the four

points falling on or near smaller lakes

flightlines, digitizing the data and out

were eliminated from the analysis.

lining the regions of various temperature

remaining temperatures were averaged

regimes.

across columns so that trends in the lee

This particular set of data was

The

obtained from a mission flown at 0500 on

ward direction could be detected.

10 Jan. 1976 and shows the same general

data were smoothed to remove random

trends which were found on the 1974

variations by a moving average.

missions which we will discuss in detail.

examination of the raw data it was appar

The
From

ent that there was little if any effect
due to elevation and this was borne out
in the analysis which showed elevation to
be statistically insignificant.

This is

to be expected since wind speeds were high
on this night (3-7 m/sec.).
Figure 3 shows the smoothed curves for the
three missions of 2200, 0100 and 0400
□

3,3 <T < 5.5

B

I.T < T< 3.3

□

LA K ES

@ 0 < T <

1.7

on the night of 14-15 February 1974.

The

0100 and 0400 data look very similar
except that the 0100 temperatures are

FIGURE 2. TEMPERATURE REGIMES DRAWN
FROM A DIGITIZED MOSAIC OF THE LAKE
STUDY FLIGHTS.

slightly higher with both showing a steady
decline.

The 2200 data shows a steady but

much slower decline as one moves away from

In order to gain a quantative evaluation

the lake.

of the lake effect the 1974 data were

by the fact that earlier in the evening
when temperatures were generally higher

digitized on a grid with rows (west-east)

This slower decline is explained

spaced 0.3 km apart and columns (north-

the lake was less effective than later

south) spaced 1.2 km apart.

when temperatures were generally lower.

Average

elevations were also digitized on the

Another point that can be made from this

same grid.

analysis and the data of Figure 3 is

Some caution must be used at

this point since the data has not been

that the effect is long range and is

corrected for emissivity, however, results

in fact beyond our flightlines.

from a model which accounts for scattering
in the cavity formed by tree rows show
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results are strongly influenced by the
wind.

Our ground truth showed that the

wind speeds were about the same at 2200
and 0400 (3-5 m/sec) but had diminished
to 2 m/sec at 0100.
3.2

EFFECT OF "COLD POCKETS"

Our analysis of the 1974 data which were
obtained under windy conditions showed no
statistically significant effect due to
elevation.

Conditions were much different

during the 1975 triangle flight, however,
as the winds were low (< 1.5 m/sec) and
effects due to elevation were immediately
apparent from the raw data.

FIGURE 3. PLOT OF TEMPERATURE VS
' DISTANCE FROM LAKE FOR 1974 MISSIONS.
As a first attempt, an exponential model
was used to fit the data.

That is

T = T 0e"Ax - Tie"Bx

(1)

For the 2200 data the fit was made to a
single exponential which yielded
T0 = 5.50°C and a = 0.0072/km.

These

were then used as initial values to fit
the 0100 and 0400 sets to a double
exponential using the Gauss-Newton tech
nique. This yielded for 0100, T 0 = 1.78°C,
A = 0.0072/km, Ti = 16,2°C and
B = 0.298/km.

The parameter A had to be

FIGURE 4. PLOT OF ELEVATION VS DISTANCE
ALONG HIGHWAY MEDIAN WITH TEMPERATURE
IMPOSED.

altered to best fit the 0400 data which
yielded T0 = 1.29°C, A = 0.0082/km,

As a particularly clear cut example we

Ti = 15.9°C and B = 0.390/km.

have examined data along the median of

These best

fit functions are also shown in Figure 3.

Interstate Highway 4 which intersects

Thus we gain some idea of the total dis

U.S. Highway 27 on the southern end of

tance affected by the lake and note that

the western flightline.

from this data the effect tends to extend

roughly a 0.3°C temperature drop per meter

a large distance even during the evening

of elevation.

hours which remains along with a shorter

large portion of the flightline yielded

range effect for the earlier morning hours.
However, during the later hours that area

a value of ,08°C/m for two missions flown

near the lake is more markedly affected.

accompanied by on site visits show that

These results all are intuitively clear

the effect is not due to elevation alone

but it must be kept in mind that all

but is due to relative elevation or slope 168

The results show

Statistical analysis of a

at 2200 and 0100.

Further comparisons

that is whether the point is a valley or

impractical to measure with other

not.

techniques.

This is also apparent from inspec

The effect of a lake was

tion of the raw data along the western

found to be over 2°C and cover a distance

flightline and fits the explanation of

of over 8 km.

cold air drainage mentioned in the
introduction.

of over 4°C were found to occur with
elevation.

4.

CONCLUSIONS

5.

Remote sensing has been shown to be a
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